Introduction
Osteoporosis which is characterized by low bone mineral density (BMD) and microarchitectural deterioration is associated with increased fracture risk especially in elderly [1, 2] . According to the International Osteoporosis Foundation, osteoporosis leads to more than 8.9 million fractures worldwide, annually, and every 1 in 3 women and 1 in 5 men are at risk of osteoporotic fracture, during the lifetime [3] . Fracture incidence varies in different populations and the rates are expected to increase continuously as the global population turn older. The USA experienced two million osteoporotic fractures in 2005 and this figure is projected to reach three million in 2025 [4, 5] . Elderly population in Asia is rapidly expanding and in 2050, 50% of total hip fractures would be seen in the Asian region [6] [7] [8] .
In order to reduce osteoporotic fractures, high risk patients need to be detected and intervened early. Though there are many tools available to assess fracture risk, FRAX (Fracture Risk Assessment Tool), is the most validated and widely used. It has been developed based on clinical risk factors which have proven associations with low bone density or occurrence of fractures by large epidemiological studies [9] . FRAX algorithm which can be applied to both men and women between 40-90 years estimates the 10-year probability of both hip and major osteoporotic fractures [9] .
Despite the wide use, FRAX has major limitations. FRAX needs femoral neck (FN) BMD assessed by either Dual Energy X-ray Absorptiometry (DXA) or Quantitative Computed Tomography (QCT) as an input variable thus restricting its full application in countries with limited facilities. As an alternative, attempts have been made to estimate fracture risk without BMD data. Some studies have shown that the forecast of 10-year fracture probability with and without BMD is comparable [10] [11] [12] . However, some studies have shown conflicting results [13] [14] [15] This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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compensated, at least partly, by inclusion of other clinical risk factors (CRF) which are independent determinants of BMD. However, the ability of CRFs to make this compensation is unclear.
Though DXA is the gold standard in assessing BMD [16] [17] [18] quantitative ultrasound (QUS) is used to detect bone strength and fracture risk, particularly in less resourceful settings [19, 20] . QUS is cheaper, portable and free of ionized radiation, hence can be used in many situations [21, 22] . QUS does not measure BMD but it captures bone texture and generates measures such as Speed of Sound (SOS) and Broadband Ultrasound Attenuation (BUA). If QUS data, especially T-Score, can be used instead of femoral neck BMD in assessing fracture risk, it can partly overcome the restricted use of FRAX owing to the lack of DXA facility in many countries. However, we were unable to find studies examining the possibility of replacing BMD with QUS data in FRAX.
The objective of this study was to assess the impact of non-inclusion of femoral neck BMD on the fracture risk evaluation based on Sri Lankan FRAX algorithm. Further, we assessed the possibility of replacing the femoral neck BMD input with US data in calculating fracture risk. Three Pradeshiya Sabha Divisions (intermediate administrative unit) were selected from Galle district in random manner. Two Gramasewa divisions (the smallest administrative unit) from each Pradeshiya Sabha division were selected, randomly, for data collection. Posters were displayed in public places of selected Gramasewa divisions to inform the public about the research. Community-dwelling postmenopausal women who voluntarily filled the 'expression of interest form' were invited to take part in the study. Women with chronic diseases of liver, kidney, heart, lungs or endocrine organs were excluded. Furthermore, women on medications that could affect vitamin D metabolism (hormonal contraceptives, diuretics, vitamin D supplementations) were also excluded from the study sample.
Materials and methods
All participants (n=339) were educated about the research and their written consent was obtained before enrolling into the study. Data were collected by interviewing them individually using a content validated datasheet. Weight and height were measured adhering to the standard protocols. Ultrasound bone scan (Sunlight Mini Omni, Israel) of the radius of the non-dominant side was performed in 207 randomly selected participants. All US scans were done by one trained investigator adhering to manufacturer's protocol and the machine was calibrated on each day prior to scanning. BMDs of the total spine (L1-L4), femoral neck and total hip were measured with DXA scan (Hologic Discovery W, Hologic Inc, Bedford, MA, USA). All the scans were performed by a trained technician adhering to manufacturer's protocol and the machine was calibrated on each day prior to scanning. Women were categorized as osteoporosis, osteopenia or normal, based on the T scores adhering to the WHO criteria [23, 24] .
Both major osteoporotic fracture risk (MOFR) and hip fracture risk (HFR) were calculated using the Sri Lankan FRAX tool (SL-FRAX). Calculations were modified and done twice; (i) without femoral neck BMD (FRAX-FN 0 ), (ii) and with US T-score in place of femoral neck T-score (FRAX-UST).
The DXA scanner generated FRAX values which included femoral neck BMD (FRAX-A) were considered the reference standard. MOFR11% and HFR 3% were taken as intervention thresholds (25) and participants were categorized to high or low risk based on these cut-off values.
Statistical Analysis
MOFR and HFR of modified methods were compared with MOFR-A and HFR-A, respectively by paired t-test to assess differences. We also assessed the sensitivity, specificity, PPV and NPV of modified FRAX tools with regards to their ability to discriminate between high and low risk women compared to FRAX-A. Bland-Altman plots were constructed to determine the agreement between estimated and actual fracture probabilities. Receiver operating characteristic (ROC) curves were drawn and area under the curves (AUC) were determined in order to assess the fracture risk prediction of the new models based on actual fracture risk categorization by FRAX-A. Further, regression analyses were conducted for each modified FRAX tool to estimate how they predicted FRAX-A values. Standard Error of the Estimate (SEE) was considered in assessing the goodness of the fit and the accuracy of the predictions.
Results
The study sample included 339 postmenopausal women and their descriptive data are shown in Table 1 . The prevalence of osteoporosis was 74.3% in the study sample and another 21.5% had osteopenia. Table 2 shows the mean differences between the FRAX-A and modified FRAX outputs. MOFR-FN 0 and HFR-FN 0 showed the lowest mean differences when compared with MOFR-A and HFR-A, respectively. In contrast, MOFR-UST and HFR-UST showed comparatively higher mean differences. 
Original article
FRAX-FN 0 showed high sensitivity (79.2%) and specificity (80.1%) in detecting women with high fracture risk. Further, PPV and NPV of FRAX-FN 0 were 68.8% and 87.4%, respectively. Though, FRAX-UST had high sensitivity (78.4%), its specificity was low (70%) indicating high possibility of misclassifying fracture risk. Furthermore, FRAX-UST had low PPV (59.8%) although its NPV was 85%.
Bland-Altman plots (Figures 1-4) showed the agreement between the actual and estimated fracture risk probabilities. MOFR-FN 0 and HFR-FN 0 showed good agreement with respective actual values. The agreement P<0.001 for all the associations. r -correlation coefficient, MOFR-A -Absolute major osteoporotic fracture risk. HFR-A -Absolute hip fracture risk. MOFR-FN 0 -major osteoporotic fracture risk calculated without bone mineral density. HFR-FN 0 -hip fracture risk calculated without bone mineral density. MOFR-UST -major osteoporotic fracture risk calculated with ultrasound T score. HFR-UST -hip fracture risk calculated with ultrasound T score.
MOFR-FN 0 -major osteoporotic fracture risk calculated without bone mineral density. HFR-FN 0 -hip fracture risk calculated without bone mineral density.
MOFR-UST -major osteoporotic fracture risk calculated with ultrasound T score. HFR-UST -hip fracture risk calculated with ultrasound T score.
The results of the regression analyses are shown in Table 4 . Compared to fracture probabilities estimated with UST, fracture probabilities estimated without BMD showed greater r and R 2 and lesser measurement differences (SEE).
Discussion
Many countries have developed own FRAX models using national data on the assumption that countryspecific algorithms suit the local populations best. The accuracy of a particular FRAX model depends on the information that was used to build the model. Some countries such as Sri Lanka used data of a surrogate population to build the model. This study compared Sri Lankan FRAX model with and without BMD data in predicting the 10-year probability of hip and major osteoporotic fractures among postmenopausal women. Furthermore, we assessed the validity of using US bone scan data (T-score of radius) instead of femoral neck BMD in SL-FRAX to predict fracture probabilities. Our data demonstrate that SL-FRAX without BMD input can be an alternative for clinicians working in places with no access to DXA facility. Inclusion of US T-score in the calculation did not improve the fracture risk predictability among this group of women.
When the femoral neck BMD was included in the calculation, 35.7% of the study participants had high fracture risk requiring pharmacological interventions. The SL-FRAX without BMD input slightly overestimated this value (41%). However, the strong correlation between FRAX-FN 0 and FRAX-A proves that fracture risk prediction by FRAX without BMD coincide with fracture risk predicted with BMD. In previous studies, noninclusion of BMD caused both overestimation and underestimation of the fracture risk [13] [14] [15] . FRAX without BMD has underdiagnosed both major osteoporosis and hip fracture risks in a Spanish women population. However, they did not use a FRAX tool specific for Spanish population in their study [13] . Egsmose et al. revealed that FRAX without BMD overestimated the fracture risk in a group of postmenopausal women who had suffered distal forearm fractures [14] . A similar observation was seen among patients with rheumatoid arthritis in the UK [15] . Gadam et al., however, found 84% identical fracture risk prediction by FRAX with and without BMD in a multiethnic study sample in the USA [11] . Further, Turkish postmenopausal women with osteopenia showed 93% agreement between FRAX with and without BMD in assessing HFR [12] . A similar study in Canada showed that, Canadian FRAX tool without BMD is a good predictor of fracture risk in both men and women [26] . The evidence show that, there is a range of 76 to 90 % agreement between FRAX scores determined with and without BMD [12] .
Our data does not support the idea of substituting DXA derived BMD with QUS data in FRAX calculations. The FRAX-UST showed comparatively weak associations with FRAX-A. In Sri Lanka, QUS is used in areas where DXA is not readily available as it is relatively cheap and easy to use. QUS uses ultrasound waves to assess the bone quality and therefore the principles used in QUS are different from DXA. Furthermore, the utility of QUS in the field of osteoporosis is uncertain [27, 28] .
We observed a considerable overestimation of fracture risk by FRAX-UST (47.8% vs 35.7%). The US bone scans are technologically different and the generated outcome largely depend on the site measured and the instrument used [29] [30] [31] . In addition the soft tissue layers covering the bone, its composition and thickness could interfere the precision of QUS measurements [32] [33] [34] [35] .
Both FRAX-FN 0 and FRAX-UST had more than 80% AUC and showed their ability to discriminate high and low risk patients. Of them, FRAX-FN 0 had greater AUC compared to FRAX-UST. The SEE produced by regression analysis is a measure of deviation of residuals from regression line with higher values indicating higher deviation. In our analysis, SEE of MOFR-FN 0 and HFR-FN 0 showed a lesser variation when compared with similar values of QUS. In contrast, MOFR-UST and HFR-UST had comparatively higher SEE showing higher deviation from MOFR-A and HFR-A.
Age, body weight and BMI are predominant clinical risk factors of osteoporotic fractures. Probabilities of both MOFR and HFR calculated without BMD showed stronger correlations with age, body weight and BMI when compared with FRAX-UST. It implies that US SOS of the radius does not reflect the age-related changes in BMD. In support of this, studies have shown poor agreement between radial US and DXA technics and thus suggested radial QUS is not a good alternative to DXA [27, 31, 36] . On the other hand, QUS of calcaneus showed good correlations with DXA BMD [28, 37] .
This study has some limitations. Since we have no electronic medical record system in Sri Lanka, we sometimes have to depend on the information provided by the patients about clinical risk factors to calculate FRAX. We, however, verified the information using personal health records. Further, the QUS scanning device we used could measure only the SOS and not the BUA. SOS and BUA together produce a parameter 'Stiffness Index' which more precisely describe the quality of the bone.
In conclusion, we suggest that Sri Lankan FRAX tool without BMD provides a reasonable alternative to assess fracture risk of postmenopausal women in places where DXA facility is not readily available. This will help to narrow down the current care gap in which many subjects with high fracture risk are not recognized and remain untreated. Radial QUS data cannot be used in FRAX in place of BMD to assess fracture risk.
